M
etastatic spine tumors derived from lung cancer are rapidly progressive and have a poor prognosis, as they are one of the most difficult types of metastatic spine tumor to treat. 1 They rapidly cause paralysis in many cases, and the appropriateness of local treatment has to be judged promptly. 1, [2] [3] [4] [5] It has recently been reported that molecularly targeted drugs and bone-modifying agents (BMAs) improved the treatment outcomes of patients with lung cancer or lung cancer derived metastatic spine tumors, [6] [7] [8] [9] but no detailed information regarding the treatment of lung cancer derived metastatic spine tumors has been published. 9, 10 In addition, the general approach to the treatment of spinal metastasis has changed over time, that is, it is now actively treated in a multidisciplinary manner by numerous hospital departments, and treatment selection methods have also altered. Thus, it might be necessary to investigate the outcomes of patients with lung cancer derived metastatic spine tumors based on not only their surgical outcomes but also the treatments administered, including conservative treatments. obtained using the revised version (Table 1) 13 of the Tokuhashi score.
14 However, the maximum total score did not reach 10 in lung cancer cases, and it was difficult to predict patients' outcomes at 1 year or more using this method. On the contrary, gefitinib, a molecularly targeted drug, was introduced into Japan in 2002 . It has been demonstrated to be effective against primary lung cancer, and its adverse effects are widely known. In addition, it has occasionally been reported to be effective against metastatic spine tumors derived from lung cancer. 15 Furthermore, the BMA, zoledronate, and denosumab, were introduced in 2005 and 2012, respectively.
The treatment outcomes of patients who were treated before the introduction of these new drugs (the patients treated in or before 2005) were compared with those of the patients treated after the introduction of the new drugs (the patients treated from 2006 onwards).
MATERIALS AND METHODS

Patients
Of 215 patients with lung cancer derived metastatic spine tumors who were treated at our department after 2000, 207 patients were included in this study after excluding eight patients who dropped out at 6 months after treatment.
They were divided into 54 patients who were treated in or before 2005 (surgical treatment: 25 patients, conservative treatment: 29 patients) (group B) and 153 patients who were treated from 2006 onwards (after molecularly targeted drugs and BMA were included in the treatment strategy for such tumors; surgical treatment: 24, conservative treatment: 129) (group A), and the treatment outcomes of the two groups were compared. Data regarding sex, age, the affected vertebrae, pathology, the Tokuhashi score, 13 16 for the two groups are summarized in Table 2 . The treatment methods were selected on the basis of the Tokuhashi score, 13 the attending physicians' opinions, and the patients' wishes, with the highest priority being given to the predicted prognosis. The use of combinations of treatment methods (adjuvant therapy) was not restricted in either the surgery or conservative treatment group, and the maximum possible multidisciplinary combination treatment was administered as often as possible. Cisplatin and carboplatin were usually used for chemotherapy. In radiotherapy, 20 to 30-Gy fractionated radiation were administered. The treatments administered in the two groups are summarized in Table 3 .
Methods
Regarding treatment outcomes, the post-treatment survival period, pain score, paralysis grade, and the ability to perform activities of daily living (ADL) were compared between the groups. In addition, the parameters that exhibited significant changes in each group were analyzed.
Statistical Analyses
In the comparisons of the patient background data and treatment outcomes between the two groups, the t test, Welch method, Chi-square test, or Mann-Whitney U test was used. Survival analysis was also performed in both groups. Survival rates were calculated via the Kaplan-Meier method, and univariate analysis was conducted using the log-rank test. All statistical analyses were carried out using StatMate V (Atoms Co., Tokyo, Japan).
RESULTS
Survival Period
The mean duration of the post-treatment survival period was 5.1 AE 5.3 (0.2-29) and 9.3 AE 13.09 (0.2-114) months in groups B and A, respectively (P < 0.01). The survival rate was calculated using the Kaplan-Meier method and was subjected to univariate analysis using the log-rank test. The survival rate also differed significantly between the two groups (P < 0.05) (Figure 1 ). Regarding the consistency of the Tokuhashi score criteria, the concordance rate between a Tokuhashi score of 0 to 8 and life expectancy of < 6 months was 82.4% in group B, whereas it was only 60.5% in group A, and the survival period was !6 months in 39.5% of cases in group A (Figure 2 ), which clearly reflected the extension of the survival period seen after 2006. The overall concordance rate of the Tokuhashi score criteria was 85.2% in group B and 62.1% in group A, showing that the concordance rate between the Tokuhashi score criteria and the actual survival period decreased after 2006.
Pain
Pain was evaluated using a VAS. No significant difference was noted between the VAS scores of the two groups before treatment. The VAS tests were repeated at 1 month after treatment. The VAS score had improved in 50 (92.6%) of the 54 patients in group B, and the mean post-treatment VAS score was 25.1 AE 10.5 (0-50). In group A, the VAS score improved in 141 (92.2%) of the 153 patients, and the mean post-treatment VAS score was 26.8 AE 8.5 (0-57). No significant difference was noted between the VAS scores of the two groups, and both groups exhibited favorable outcomes.
Paralysis
Changes in the severity of paralysis were evaluated based on the ASIA grading system. The paralysis grades observed before treatment or at 1 month after treatment were compared with those seen at the final follow-up (paralysis status was evaluated at regular intervals until death). It was difficult to compare the outcomes of the two groups because the pretreatment ASIA grade distributions of the two groups were significantly different (P < 0.001). In group A, as treatment was initiated before the onset of paralysis in many cases, none of the patients were categorized as ASIA grade A or B, and 123 (80.4%) of 153 patients were classified as grade E. In contrast, the pre-treatment ASIA grade was only E in 17 (31.5%) of the 54 patients in group B. The paralysis grade distributions seen before and after treatment are summarized in Table 4 . When the pre-treatment paralysis grade was compared with that observed at 1 month after treatment, a slight posttreatment improvement in the paralysis grade was detected in group B, whereas in group A, some patients' conditions improved but others' worsened (no obvious tendency was detected). At the final follow-up examination, the patients' paralysis was slightly worse than that seen before treatment in both groups. No significant differences were noted between the paralysis grades recorded before treatment and at 1 month after treatment, or between those seen before treatment and at the final follow-up, in either group.
ADL
The subjects' ability to perform ADL was investigated using the Barthel Index. 17, 18 The mean pre-treatment Barthel Index was 62.6 AE 31.6 (0-100) in group B and 60.7 AE 27.6 (0-100) in group A (P > 0.05). The post-treatment discharge-to-home eligibility rates of groups B and A were 29.4% and 46.7%, respectively (P > 0.05). The mean Barthel Index at the final follow-up was 68.1 AE 29.8 (0-100) in group B and 70.2 AE 24.9 (0-100) in group A. It did not change significantly after treatment in group B, but it significantly improved after treatment in group A (P < 0.05) (Figure 3 ).
Differences Between Groups B and A
Age, the affected vertebral level, the Tokuhashi score (general condition, the number of vertebral metastases, and the total score), and the paralysis grade distribution (according to the ASIA classification) differed significantly between groups A and B (Table 5 ). The mean age of the patients treated for lung cancer derived metastatic spine tumors increased after 2006, and the general condition of the patients worsened, but the severity of their paralysis decreased, and the number of patients without paralysis increased.
Regarding the treatment outcomes, the mean duration of the post-treatment survival period was 5.1 and 9.3 months in groups B and A, respectively, that is, significantly longer survival was seen in group A (P < 0.05). The post-treatment discharge-to-home eligibility rate did not differ significantly between the groups, but the Barthel Index improved significantly after treatment in group A (P < 0.05).
DISCUSSION
The treatments for metastatic spine tumors have changed over recent years with advances in the treatment of primary cancer. In addition, the general approach to the treatment of spinal metastasis has also changed with numerous hospital (Table 1) , the life expectancy of a total score of 0-8 is shorter than 6 months and that of 9-10 is 6 months or longer. The total score was 0-8 in Group A, showing that the survival time extended. departments being involved in the provision of active multidisciplinary treatment, that is, the care provided to such patients is not a simple task that only involves the department in charge of treating the primary cancer; instead, various departments cooperate to provide treatment. Accordingly, the treatment outcomes of patients with lung cancer derived metastatic spine tumors should not simply be investigated based on surgical outcomes; rather, the details of the treatments, including conservative treatments, provided by various hospital departments should be investigated. Thus, we compared the treatment outcomes of multidisciplinary treatment, including conservative treatment, with those obtained using the previous approach.
The characteristics of patients who are treated for lung cancer derived metastatic spine tumors have also changed markedly. Specifically, the mean age of these patients has risen, the number of patients with cervical spine tumors has decreased (for an unknown reason), the indications for such treatment now include patients with poor general health, and the number of affected vertebrae has increased. Regarding the grade of paralysis, treatment can now be initiated earlier, that is, when the patient's paralysis is mild or upon the discovery of spinal metastasis, which has markedly changed the paralysis grade distribution of patients with lung cancer derived metastatic spine tumors.
The prognosis of metastatic spine tumors varies depending on the type of tumor. In some types of cancer (but not in others), the average survival period for patients with metastatic spine tumors has increased due to advances in treatment. For example, the survival period for patients with lung cancer derived metastatic spine tumors has improved, 9 but the median survival period of patients with pulmonary adenocarcinoma-derived metastatic spine tumors was reported to be 3.5 or 5.2 months in recent studies. 4, 5 We have consistently used the revised version 13 of the Tokuhashi score to predict the prognosis of patients with lung cancer derived metastatic spine tumors, but after the introduction of gefitinib, a molecularly targeted drug, and BMA in 2002, the prognosis of such patients clearly improved, and their actual survival periods became longer than their predicted life expectancy according to the Tokuhashi score. Hessler et al. 10 also reported that the survival periods of patients with spinal metastasis from lung cancer have increased.
The degree of improvement in a patient's ability to perform ADL is markedly influenced by the severity of their paralysis, and the early initiation of treatment has a significant impact on this. 19 One of the aims of treatment for lung cancer derived metastatic spine tumors is to allow the patient to be treated as an outpatient, but no significant improvement in the post-treatment discharge-to-home eligibility rate was detected in this study. This issue remains to be solved together with the lack of increase in the paralysis improvement rate.
The limitations of this study include the fact that it was not a randomized prospective study. Moreover, simple comparisons were not possible because the details of and general approach to treatment changed markedly during the study period, as did the patients' pre-treatment background data and the treatment selection methods employed. For example, no patients with severe paralysis (corresponding to ASIA grades A and B) were included in group A. This was due to improvements in interdepartmental communication, which led to the patients visiting the orthopedics department before they developed complete motor paralysis. However, the mean duration of the postoperative survival period increased, and the patients' ability to perform ADL improved after the introduction of molecularly targeted drugs and BMA, although the patients who received treatment for lung cancer derived metastatic spine tumors became older, and their total Tokuhashi scores decreased. 
Key Points
The treatment outcomes of 207 patients with lung cancer derived metastatic spinal tumors were compared between the patients who were treated before and after the introduction of a molecularly targeted drug and bone-modifying agents. After the introduction of the molecularly targeted drug and bone-modifying agents, the background data of the treated patients changed.
After the introduction of the molecularly targeted drug and bone-modifying agents, the patients' survival periods increased significantly, and their activities of daily living after treatment improved.
